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SPECIFICATION 

1 . Title of the invention 

Cardiac Pacemaker 

2. Scope of patent claims 

(1) A cardiac pacemaker equipped with a detection means for the R waves indicative of 
myocardial stimulation and a pulse group generation means that generates pulse groups in 
relation to the R wave detection, wherein the cardiac pacemaker is characterized in that it 
generates two or more continuous pulse groups during the period for cardiac stimulation, and 
thereafter repeats the foregoing operation. 

3. Detailed description of the invention 
[Area of Utility to the Industry] 

The present invention relates to a cardiac pacemaker; in particular, it relates to a cardiac 
pacemaker that makes treatment possible without causing ventricular fibrillations. 
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[Prior Art] 

Cardiac pacemakers are used to treat persons who have fewer heartbeats than normal, and 
they make it possible to correct the heartbeat of cardiac patients to that of a normal person. 
However, patients treated with this therapeutic device generally have a heart pumping oulput that 
is 20-30% lower than that of a normal person and they also face the risk of cardiac arrest caused 
by a pulse delivered by the pacemaker. 

Figure 14 is an explanatory electrocardiogram. The P wave is the stimulation wave of the 
atria, as the R wave is of the ventricles; the T wave is a re-polarization wave of the ventricles. 
The period from the peak of the R wave through the end of the S wave is called the absolute 
refractory period, which means that even a strong electrical current will not stimulate the 
ventricular myocardium. The period from the end of the S wave until the end of the T wave is 
called the relative refractory period, wherein if a relatively strong stimulus is applied, to the 
point where the threshold value for the electrical potential is exceeded within the cells, it is 
possible for the ventricular myocardium to be electrically stimulated. During the period from the 
end of the relative refractory period until the beginning of the next absolute refractory period, it 
is possible to use an electrical stimulus to exceed the threshold potential in the cells and to 
electrically and mechanically stimulate the ventricles. (This is called stimulation of the heart). 
Accordingly, a pulse to stimulate the heart would be generated during this period, and a pulse 
that solely induces electrical stimulation would be generated during the relative refractory 
period. Hereinafter, these will be referred to as a pulse "during the heart stimulation period" and 
a pulse "solely for electrical stimulation." 

Figure 1 shows a stimulation pulse from a conventional cardiac pacemaker. One single pulse 
1 (a pulse during the heart stimulation period) stimulates the ventricle, which can cause a single 
stimulation contraction, but it is not possible to slow the heartbeat using this single pulse method. 
Because of this, and as shown in Figure 2, following the generation of a single pulse 2 (a pulse 
during the heart stimulation period) to cause a one-time stimulation contraction of the ventricle 
as with the forgoing single pulse 1, a second pulse 3 (a pulse solely for electrical stimulation) is 
inserted to thereby comprise a coupled pulse 4. Successes have been achieved in slowing 
heartbeats through the use of coupled pulses 4, but since these are associated with a very high 
risk of inducing ventricular fibrillations (so-called cardiac arrest) these have never found clinical 
application. 
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[Problems To Be Resolved by the Present Invention] 

The present invention resolves the above described problem associated with conventional 
pacemakers, and by means of employing a pulse group comprised of a plurality of pulses during 
the heart stimulation period, it delivers a cardiac pacemaker having a very low risk of inducing 
fibrillations and it further makes ventricular pacing possible to allow near-normal cardiac output. 
[Means Used To Resolve Problems and Action] 

The means used by the cardiac pacemaker according to the present invention to resolve this 
problem include a means to detect R waves, which indicate myocardial stimulation, and a pulse 
group generation means that generates pulses in relation to the detection of the R waves, and 
during the period for heart stimulation, two or more pulse groups are generated, and that action is 
repeated thereafter. 
[Embodiment Example] 

An example of an embodiment of the present invention shall be explained in detail below 
with reference to the figures. 

Figure 3 shows the stimulation wave form for a cardiac pacemaker according to the present 
invention for two or more continuous pulses from a second pulse group 5 employed in place of 
the second pulse 3 (generated solely for electrical stimulation) that was shown in Figure 2. To 
wit, the single second pulse 3 was divided up into a second pulse group 5 containing a plurality 
of continuous pulses having a narrower pulse width. This second pulse group 5 is used for 
stimulation, and the pulse width or pulse width and crest value are lower than that of the second 
pulse 3, which prevents ventricular fibrillations and suppresses tachycardia. When the foregoing 
wave form shown in Figure 3 is applied to a ventricle, initially, the first pulse 2 stimulates the 
ventricle and causes it to contract. After that, the second pulse group 5 is applied, which induces 
only the electrical stimulation of the ventricle. Next, the process is repeated by supplying the 
first pulse 2 and the second pulse group 5 to the ventricle to make the above-described action 
repetitive. At this time, by appropriately setting the length of the interval between the delivery of 
the first pulse 2 and the second pulse group 5, it is possible to set the heartbeat to the desired rate 
and easily suppress tachycardia. Figure 4 shows an example of the present invention where 
instead of the single pulse 1 shown in Figure 1, a pulse group 6 is employed (as a pulse during 
the heart stimulation period). Employing such a pulse group was clearly found by 
experimentation to suppress ventricular fibrillations. To wit, the threshold for ventricular 
fibrillations was at its lowest when a pulse width of 20 m sec was used, and that threshold 
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increased as the pulse width narrowed, the finding being that at that level, development of 
ventricular fibrillations was hindered. Also, since it was possible to adequately stimulate the 
ventricles with a pulse group having a width of about 0.1m see, it can be said that employing this 
kind of burst pulse method was both safer and more certain than the stimulation method 
employed by conventional pacemakers. Figure 5 shows the combination of burst pulses 
comprised of a first pulse group 7 (pulse during the heart stimulation period) and a second pulse 
group 8 (pulse solely for electrical stimulation), which were repetitively applied to the ventricles 
to make possible the suppression of tachycardia. Further, if after the second pulse group 8, a 
third pulse group and fourth pulse group (pulses solely for electrical stimulation, not shown in 
the figures) were applied, it was possible to further suppress the mechanical contraction of the 
ventricles. Although no mention was made of the pulse polarity in the foregoing explanation, 
one or the other of a positive or negative pulse may be used. It is further possible to use bipolar 
pulses. 

Although the use of such burst pulses minimize the danger of ventricular fibrillations, the 
possibility that increasing the current of the burst pulse could induce ventricular fibrillations 
should be considered. 

This can be investigated by observing symptoms in arterial pressure wave forms. In other 
words, should the arterial pressure rapidly decrease from the effects of the pulse group, the 
situation is one that occurs just before the induction of ventricular fibrillations. At such time, 
ventricular fibrillations may be avoided by either lengthening or shortening the interval between 
the application of the single pulse or pulse group (pulse applied during the heart stimulation 
period) and the next pulse group (the pulse solely for electrical stimulation). It became clear 
through animal experimentation that by varying the time interval in the above manner between 
the application of the single or group pulse and the following group pulse, that the characteristic 
action of the present invention, "to solely electrically stimulate the heart muscle only once and to 
not induce mechanical contraction" could be achieved while avoiding concerns over inducing 
fibrillations by means of this very slight variation of the timing of the stimulation, which could 
be accomplished without losing any of the effects delivered by the present invention. The same 
is toe for the time interval between pulse group and pulse group. Furthermore, even when using 
the method known to the art of electrically and mechanically stimulating the ventricles with a 
single pulse followed by a single pulse for only electrical stimulation, it was found based upon 
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data obtained from the varying arterial pressure that when the interval between pulses was 
varied, that it was possible to avoid the danger of fibrillations. 

Further, since the shorter the time of pulse group continuation the safer, by detecting the 
heart stimulus potential while the pulse group was being generated, if, during stimulation, the 
generation of the following pulse was halted, it was possible to shorten the holding time for the 
pulse group. The detection of the stimulus potential may be performed using a sampling method, 
and is easily implemented using circuitry known to the art. 

Next, the circuitry of a pacemaker according to the present invention that suppresses 
tachycardia shall be explained with reference to the block diagram shown in Figure 6. A three 
position switch 10 is installed in the circuit and each switch position 1 — 3 corresponds to the 
output wave forms from the pacemaker shown in Figure 7. Two oscillators, 12, 15, are 
employed and these oscillators 12, 15 produce single pulses and burst pulse waveforms. 
Switching means 14, 17, comprised of a delay circuit 16 and a flip-flop accomplish the control 
over the wave components generated by the foregoing oscillators 12, 15. Next, the operation of 
this circuit shall be explained. First, when switch 10 is in position 1, as is apparent from Figure 7 
(1), no ventricular stimulation pulse is being applied. In this state, the detection circuit 11 is 
detecting the myocardial stimulation wave, to wit, the R wave, and this confirms that the 
electrode is connected normally to the myocardium. Next, when the switch 10 is switched to 
switch position 2, the oscillator 12 operates, and pacing is performed to assure that a stimulation 
pulse is effectively delivered to the heart during the period in which it is effective (from the end 
of the T wave to the beginning of the R wave). For safety's sake, this pacing must be demand 
pacing (for which detailed explanation shall be omitted because of the widespread use of demand 
pacing in patients having pacemaker implants). This pulse to stimulate the heart is generated 
during the effective time frame, and in order to achieve demand pacing, a connection is made 
between the R wave detection circuit 11 and the oscillator 12. Thus the ventricular pacing is 
performed via the output circuit 13, as shown in Figure 7 (2) wherein a single pulse 2 is 
delivered (as the pulse delivered during the heart stimulation period) and a single pulse 3 is 
delivered (as the pulse delivered during the period for solely electrical stimulation). The next 
stage for this operation is the determination of the pacing rate; when switch 10 is switched to 
position 3, then directly after the oscillator 12 generates a pulse, the switching flip-flop 14 
operates to halt the operation of the oscillator 12. At the same time, the oscillator 15 generates 
its first pulse 2 (as the pulse delivered during the heart stimulation period). Following the 
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generation of the first pulse 2, after the prescribed delay has elapsed, the delay circuit 16 
generates the delay pulse. It is this delay pulse that the time length setting circuit 17 uses to set 
the term through which the pulse group will be generated. Through that action, the pulse group 
generation circuit 1 8 generates the second pulse group 5 (as the pulse during the period for solely 
electrical stimulation), to produce the stimulation wave form that is shown in Figure 7 (3). In 
this manner, through the operation of the switch 10, pacing of the ventricle is accomplished in 
stages while monitoring the electrocardiogram to very safely regulate the heartbeat to the desired 
level. 

Further, as is shown in Figure 11, the cardiac stimulation potential detection circuit 21 
detects the cardiac stimulation potential during the periods of pulse intermission of the pulse 
group applied to the myocardium. At the point where stimulation is produced, the pulse 
initiation circuit 19 transmits a stop signal to the pulse group generator circuit 18 which halts 
pulse generation. This results in shortening the holding time and makes possible the prevention 
of tachycardia or bradycardia, the maintenance of heart pumping volume to near-normal levels, 
all while pacing the ventricles to reduce the load upon them, the prevention of fibrillations, and 
the advent of a giant leap forward in safety. 

Further still, as is shown in Figure 12, an arterial pressure sensing circuit 20 has been added 
to monitor the arterial blood pressure so that when the arterial pressure drops (for example, to a 
level of half the normal value) a control signal is sent from the arterial pressure sensing circuit 20 
to the delay circuit 16 and to the time length setting circuit 17 to change the interval between the 
first pulse (the pulse issued during the heart stimulation period) and the second pulse group (the 
pulse issue during the period solely for electrical stimulation) to a range wherein the second 
pulse group for solely electrical stimulation is either not issued or the duration of the second 
pulse group is shortened, to thereby maintain tachycardia control while maintaining heart 
pumping output to near normal levels by means of pacing while monitoring the arterial pressure 
through such reactive measures to prevent it from falling and preventing ventricular fibrillations 
to thereby improve safety. 

Here, the delay circuit 16 is comprised of an RC circuit or a delay chip, both of which are 
well known to the art. The time setting value is determined by the operation of an electronic 
switch, etc., to control the delay time and to control the generation time for the second pulse (the 
pulse solely for electrical stimulation). The time frame through which the generation time may 
be shifted is that encompassed by the period for solely electrical stimulation. So long as it is 
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within that frame, being earlier or later has no effect on safety. In the present example, it has 
been delayed by 20 m sec. If the delay circuit 17, which is comprised of an RC circuit or delay 
chip known to the art, is controlled in a similar manner, even better effectiveness can be realized. 
In this case, naturally, one only has to shorten the time length. In this example, it was shortened 
by 20 m sec. It is further possible to include the time length setting circuit 17 within the pulse 
group generation circuit 18. 

It was learned as a result of animal experimentation that instead of applying the first pulse 
(the pulse during the period of heart stimulation) as shown in Figure 10, if the spontaneous 
ventricular R waves are detected and then a pulse group 30 is applied after some delay from the 
R wave, then the heart would only be stimulated electrically and no myocardial mechanical 
contraction would be induced. In this case, the electronic circuit for the electrical stimulation by 
the pulse group would be configured so as to not detect the induced R waves. 

However, in cases where two or more continuous pulse groups 30 were applied so as to not 
induce mechanical contractions, for the final pulse group 30 to be applied, the circuit would have 
to be such as to not detect the induced R waves. The application of this embodiment example 
shall be explained using the circuit examples shown in Figures 8 and 9. 

First, after a prescribed delay from the time when the R wave sensing circuit 31 detects a 
spontaneous ventricular R wave, a delay circuit 32 is implemented to generate the delay pulse for 
the pulse group. The time length setting circuit 33 operates using this delay pulse to set the 
generation time frame for the pulse group, after which, it is applied to the output circuit 35. This 
operation applies the pulse group to the heart throughout the length of time required to induce an 
R wave, at which time the delay circuit 36 outputs to the sensing circuit 31 to stop the generation 
and to prevent the detection of the induced R wave. In the case where the pulse group is applied 
to the heart at least two or more times within one cycle of the spontaneous ventricular R waves, 
the standard being from the initial spontaneous ventricular R wave to the following induced R 
wave, it is necessary to prevent the detection of the final induced R wave by the R wave 
detection circuit 3 1 . Figure 9 shows a circuit that realizes this function. To wit, a burst circuit 
counter 37 that counts the number of pulse group bursts generated by the pulse group generator 
circuit 34 is implemented, and when the burst counter 37 counts up to the requisite number, a 
'complete' signal is sent to the delay circuit 38. Operations continue from the time when the 
delay circuit applies the final pulse group until at least the time when the induced R wave is 
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generated. The detection of the induced R wave by the R wave detection circuit 3 1 is prevented;, 
for example, by opening the gate of the R wave detection circuit 3 1 . 

If the foregoing spontaneous ventricular R waves are used, there is a very low load imposed 
upon the heart. On the other hand, for persons whose symptoms are severe, it is more effective 
to apply a stimulatory pulse. 
[Effects of the Invention] 

The present invention, through the use of a pulse group comprised of a plurality of pulses 
during the period for heart stimulation, provides a cardiac pacemaker that has a very low 
attendant risk of fibrillation induction, that allows heart output to be maintained at near-normal 
levels, and that makes ventricular pacing possible, which can be expected to relieve heart 
patients of a great deal of their anxiety and make a large contribution to society. 
4. A Brief Explanation of the Figures 

Figure 1 shows the wave form of the stimulatory pulse from a conventional cardiac 
pacemaker. 

Figure 2 shows the wave form for a conventional stimulatory pulse for tachycardia. 
Figure 3 shows the wave form for the stimulatory pulse to suppress tachycardia delivered by 
the present invention. 

Figure 4 shows the wave form of a stimulatory pulse from a ventricular pacemaker according 
to the present invention that employs pulse bursts. 

Figure 5 shows the wave form of stimulatory pulses from a cardiac pacemaker according to 
the present invention that employs a plurality of pulse groups to suppress tachycardia. 

Figures 6, 8 , 9, 1 1, 12 and 13 show block diagrams of embodiment examples of pacemakers. 

Figure 7 shows the output wave form from the example in Figure 6. 

Figure 10 shows the output wave form from the example in Figure 8. 

Figure 14 is an explanatory diagram of an electrocardiogram. 
In the Figures: 1 . . . single pulse, 2 . . . first pulse, 3 . . . second pulse, 4 . . . coupled pulse, 5,8... 
second pulse group, 6 ... pulse group, 7 ... first pulse group, 10 ... switch, 11 ... R wave 
detection circuit, 12 ... oscillator, 13 ... output circuit, 14 ... switching flip-flop, 15 ... oscillator, 
16 ... delay circuit, 17 ... time length setting circuit, 18 ... pulse group generator circuit, 19 ... 
pulse stop circuit, 20 ... arterial pressure detection circuit, 21 ... heart stimulation potential 
detection circuit. 
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To: Director, Japan Patent Office 

1 . Item: Patent Application S61 - 1 04882 

2. Title of Invention: Cardiac Pacemaker 

3. Person Making the Correction: 

Relationship to Item: Patent Applicant 
Yoshialci SAITO 

4. Agent: 

Yasutoku OTSUKA, Attorney (7642) [SEAL] 
7 th Floor, Dai'ni Kan'gyo Bldg. 
1-2-12 Tora-no-mon, Minato-ku 
Tokyo-to 105 

5. Date of Order to Make Correction: 

Voluntary [Seal: Examiner Futamiya] 

6. Object of Correction 

The entire text of the Specification and Figures [Seal: Patent Office, 06/05/1986, Div. 2] 

7. The text of the specification and Figure 6, as attached. 

SPECIFICATION 

1. Title of Invention 

Cardiac Pacemaker 

2. Scope of Patent Claims 

(1) A cardiac pacemaker equipped with a detection means for the R waves indicative of 
myocardial stimulation and a pulse group generation means that generates pulse groups in 
relation to the R wave detection, wherein the cardiac pacemaker is characterized in that it 
generates two or more continuous pulse groups during the period for cardiac stimulation, and 
thereafter repeats the foregoing operation. 

(2) The cardiac pacemaker according to Claim 1 characterized in that the energy 
consumed by using the pulse group to stimulate the heart is in the least as low as to be equivalent 
to the energy consumed by using a single pulse to stimulate the heart. 
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3. Details of the Invention 
[Area of Utility to the Industry] 

The present invention relates to a cardiac pacemaker; in particular, it relates to a cardiac 
pacemaker that makes treatment possible without causing ventricular fibrillations. 
[Prior Art] 

Cardiac pacemakers are used to treat persons who have fewer heartbeats than normal, and 
they make it possible to correct the heartbeat of cardiac patients to that of a normal person. 
However, patients treated with this therapeutic device generally have a heart pumping output that 
is 20-30% lower than that of a normal person and they also face the risk of cardiac arrest caused 
by a pulse delivered by the pacemaker. 

Figure 14 is an explanatory electrocardiogram. The P wave is the stimulation wave of the 
atria, as the R wave is of the ventricles; the T wave is a re-polarization wave of the ventricles. 
The period from the peak of the R wave through the end of the S wave is called the absolute 
refractory period, which means that even a strong electrical current will not stimulate the 
ventricular myocardium. The period from the end of the S wave until the end of the T wave is 
called the relative refractory period, wherein if a relatively strong stimulus is applied, to the 
point where the threshold value for the electrical potential is exceeded within the cells, it is 
possible for the ventricular myocardium to be electrically stimulated. During the period from the 
end of the relative refractory period until the beginning of the next absolute refractory period, it 
is possible to use an electrical stimulus to exceed the threshold potential in the cells and to 
electrically and mechanically stimulate the ventricles. (This is called stimulation of the heart). 
Accordingly, a pulse to stimulate the heart would be generated during .this period, and a pulse 
that solely induces electrical stimulation would be generated during the relative refractory 
period. Hereinafter, these will be referred to as a pulse "during the heart stimulation period" and 
a pulse "solely for electrical stimulation." 

Figure 1 shows a stimulation pulse from a conventional cardiac pacemaker. One single pulse 
1 (a pulse during the heart stimulation period) stimulates the ventricle, which can cause a single 
stimulation contraction, but it is not possible to slow the heartbeat using this single pulse method. 
Because of this, and as shown in Figure 2, following the generation of a single pulse 2 (a pulse 
during the heart stimulation period) to cause a one-time stimulation contraction of the ventricle 
as with the forgoing single pulse 1, a second pulse 3 (a pulse solely for electrical stimulation) is 
inserted to thereby comprise a coupled pulse 4. Successes have been achieved in slowing 
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heartbeats through the use of coupled pulses 4, but since these are associated with a very high 
risk of inducing ventricular fibrillations (so-called cardiac arrest) these have never found clinical 
application. 

[Problems To Be Resolved by the Present Invention] 

The present invention resolves the above described problem associated with conventional 
pacemakers, and by means of employing a pulse group comprised of a plurality of pulses during 
the heart stimulation period, it delivers a cardiac pacemaker having a very low risk of inducing 
fibrillations and it further makes ventricular pacing possible to allow near-normal cardiac output. 
[Means Used To Resolve Problems and Action] 

The means used by the cardiac pacemaker according to the present invention to resolve this 
problem include a means to detect R waves, which indicate myocardial stimulation, and a pulse 
group generation means that generates pulses in relation to the detection of the R waves, and 
during the period for heart stimulation, two or more pulse groups are generated, and that action is 
repeated thereafter. 
[Embodiment Example] 

An example of an embodiment of the present invention shall be explained in detail below 
with reference to the figures. 

Figure 3 shows the stimulation wave form for a cardiac pacemaker according to the present 
invention for two or more continuous pulses from a second pulse group 5 employed in place of 
the second pulse 3 (generated solely for electrical stimulation) that was shown in Figure 2. To 
wit, the single second pulse 3 was divided up into a second pulse group 5 containing a plurality 
of continuous pulses having a narrower pulse width. This second pulse group 5 is used for 
stimulation, and the pulse width or pulse width and crest value are lower than that of the second 
pulse 3, which prevents ventricular fibrillations and suppresses tachycardia. When the foregoing 
wave form shown in Figure 3 is applied to a ventricle, initially, the first pulse 2 stimulates the 
ventricle and causes it to contract. After that, the second pulse group 5 is applied, which induces 
only the electrical stimulation of the ventricle. Next, the process is repeated by supplying the 
first pulse 2 and the second pulse group 5 to the ventricle to make the above-described action 
repetitive. At this time, by appropriately setting the length of the interval between the delivery of 
the first pulse 2 and the second pulse group 5, it is possible to set the heartbeat to the desired rate 
and easily suppress tachycardia. Figure 4 shows an example of the present invention where 
instead of the single pulse 1 shown in Figure 1, a pulse group 6 is employed (as a pulse during 
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the heart stimulation period). Employing such a pulse group was clearly found by 
experimentation to suppress ventricular fibrillations. To wit, the threshold for ventricular 
fibrillations was at its lowest when a pulse width of 20 m sec was used, and that threshold 
increased as the pulse width narrowed, the finding being that at that level, development of 
ventricular fibrillations was hindered. Also, since it was possible to adequately stimulate the 
ventricles with a pulse group having a width of about 0.1m sec, it can be said that employing this 
kind of burst pulse method was both safer and more certain than the stimulation method 
employed by conventional pacemakers. Figure 5 shows the combination of burst pulses 
comprised of a first pulse group 7 (pulse during the heart stimulation period) and a second pulse 
group 8 (pulse solely for electrical stimulation), which were repetitively applied to the ventricles 
to make possible the suppression of tachycardia. Further, if after the second pulse group 8, a 
third pulse group and fourth pulse group (pulses solely for electrical stimulation, not shown in 
the figures) were applied, it was possible to further suppress the mechanical contraction of the 
ventricles. Although no mention was made of the pulse polarity in the foregoing explanation, 
one or the other of a positive or negative pulse may be used. It is further possible to use bipolar 
pulses. 

Although the use of such burst pulses minimize the danger of ventricular fibrillations, the 
possibility that increasing the current of the burst pulse could induce ventricular fibrillations 
should be considered. 

This can be investigated by observing symptoms in arterial pressure wave forms. In other 
words, should the arterial pressure rapidly decrease from the effects of the pulse group, the 
situation is one that occurs just before the induction of ventricular fibrillations. At such time, 
ventricular fibrillations may be avoided by either lengthening or shortening the interval between 
the application of the single pulse or pulse group (pulse applied during the heart stimulation 
period) and the next pulse group (the pulse solely for electrical stimulation). It became clear 
through animal experimentation that by varying the time interval in the above manner between 
the application of the single or group pulse and the following group pulse, that the characteristic 
action of the present invention, "to solely electrically stimulate the heart muscle only once and to 
not induce mechanical contraction" could be achieved while avoiding concerns over inducing 
fibrillations by means of this veiy slight variation of the timing of the stimulation, which could 
be accomplished without losing any of the effects delivered by the present invention. The same 
is true for the time interval between pulse group and pulse group. Furthermore, even when using 
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the method known to the art of electrically and mechanically stimulating the ventricles with a 
single pulse followed by a single pulse for only electrical stimulation, it was found based upon 
data obtained from the varying arterial pressure that when the interval between pulses was 
varied, that it was possible to avoid the danger of fibrillations. 

Further, since the shorter the time of pulse group continuation the safer, by detecting the 
heart stimulus potential while the pulse group was being generated, if, during stimulation, the 
generation of the following pulse was halted, it was possible to shorten the holding time for the 
pulse group. The detection of the stimulus potential may be performed using a sampling method, 
and is easily implemented using circuitry known to the art. 

Next, the circuitry of a pacemaker according to the present invention that suppresses 
tachycardia shall be explained with reference to the block diagram shown in Figure 6. A three 
position switch 10 is installed in the circuit and each switch position 1 - 3 corresponds to the 
output wave forms from the pacemaker shown in Figure 7. Two oscillators, 12, 15, are 
employed and these oscillators 12, 15 produce single pulses and burst pulse waveforms. 
Further installed are a switching means 14 comprised of a delay circuit 16 and a flip-flop, and a 
time length setting circuit 17. Pulse control is accomplished by forming the pulses with 
oscillators 12, 15. Next, the operation of this circuit shall be explained. First, when the switch 
10 is switched to position 1, a stimulatory pulse to the ventricle such as shown in Figure 7 (1) is 
not applied. In this state, the myocardial stimulus wave, to wit, the R wave is detected by the R 
wave detection circuit 11, and this is used to confirm that the electrode is normally connected 
with the myocardium. Next, when the switch 10 is switched to position 2, oscillator 12 operates 
to perform pacing during the time frame in which pulses can stimulate the heart (from the end of 
the T wave to the beginning of the R wave). For safety's sake, this pacing must be demand 
pacing (for which detailed explanation shall be omitted because of the widespread use of demand 
pacing in patients having pacemaker implants). The R wave detection circuit 1 1 is connected 
with the oscillator 12 in order to generate a pulse dining the time frame for effective cardiac 
stimulation and to achieve demand pacing. As may be seen from Figure 7 (2), ventricular pacing 
is accomplished via the output circuit 13 by the single pulse 2 (the pulse during the period for 
heart stimulation) and the single pulse 3 (the pulse during the period for solely electrical 
stimulation). In this state, the pacing rate for the next stage is determined, and switch 10 is 
switched to position 3, whereupon immediately after the oscillator 12 generates a pulse, the 
switching flip-flop 14 operates to stop the operation of the oscillator 12. At the same time, 
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oscillator 15 begins to generate the first pulse 2 at the designated frequency (the pulse during the 
time frame for heart stimulation). After a specified delay following the generation of the first 
pulse 2, the delay circuit 16 generates a delay pulse, and this delay pulse operates the time length 
setting circuit 17 to set the pulse group emission period. This results in the pulse group generator 
circuit 18 generating the second pulse group 5 (the pulse during the time frame for solely 
electrical stimulation), from which the stimulatory wave form shown in Figure 7 (3) derives. 
Thus, by means of switching this switch 10, staged pacing of the ventricles can be performed 
while observing the electrocardiogram, and the heartbeat can be adjusted to the desired level in a 
very safe manner. 

Further, as is shown in Figure 11, the cardiac stimulation potential detection circuit 21 
detects the cardiac stimulation potential during the periods of pulse intermission of the pulse 
group applied to the myocardium. At the point where stimulation is produced, the pulse 
initiation circuit 19 transmits a stop signal to the pulse group generator circuit 18 which halts 
pulse generation. This results in shortening the holding time and makes possible the prevention 
of tachycardia or bradycardia, the maintenance of heart pumping volume to near-normal levels, 
all while pacing the ventricles to reduce the load upon them, the prevention of fibrillations, and 
the advent of a giant leap forward in safety. 

Further still, as is shown in Figure 12, an arterial pressure sensing circuit 20 has been added 
to monitor the arterial blood pressure so that when the arterial pressure drops (for example, to a 
level of half the normal value) a control signal is sent from the arterial pressure sensing circuit 20 
to the delay circuit 16 and to the time length setting circuit 17 to change the interval between the 
first pulse (the pulse issued during the heart stimulation period) and the second pulse group (the 
pulse issue during the period solely for electrical stimulation) to a range wherein the second 
pulse group for solely electrical stimulation is either not issued or the duration of the second 
pulse group is shortened, to thereby maintain tachycardia control while maintaining heart 
pumping output to near normal levels by means of pacing while monitoring the arterial pressure 
through such reactive measures to prevent it from falling and preventing ventricular fibrillations 
to thereby improve safety. 

Here, the delay circuit 16 is comprised of an RC circuit or a delay chip, both of which are 
well known to the art. The time setting value is determined by the operation of an electronic 
switch, etc., to control the delay time and to control the generation time for the second pulse (the 
pulse solely for electrical stimulation). The time frame through which the generation time may 



Japanese Unexamined Patent Application Publication S62-275471 (19) 

be shifted is that encompassed by the period for solely electrical stimulation. So long as it is 
within that frame, being earlier or later has no effect on safety. In the present example, it has 
been delayed by 20 m sec. If the delay circuit 17, which is comprised of an RC circuit or delay 
chip known to the art, is controlled in a similar manner, even better effectiveness can be realized. 
In this case, naturally, one only has to shorten the time length. In this example, it was shortened 
by 20 m sec. It is further possible to include the time length setting circuit 17 within the pulse 
group generation circuit 18. 

It was learned as a result of animal experimentation that instead of applying the first pulse 
(the pulse during the period of heart stimulation) as shown in Figure 10, if the spontaneous 
ventricular R waves are detected and then a pulse group 30 is applied after some delay from the 
R wave, then the heart would only be stimulated electrically and no myocardial mechanical 
contraction would be induced. In this case, the electronic circuit for the electrical stimulation by 
the pulse group would be configured so as to not detect the induced R waves. 

However, in cases where two or more continuous pulse groups 30 were applied so as to not 
induce mechanical contractions, for the final pulse group 30 to be applied, the circuit would have 
to be such as to not detect the induced R waves. The application of this embodiment example 
shall be explained using the circuit examples shown in Figures 8 and 9. 

First, after a prescribed delay from the time when the R wave sensing circuit 3 1 detects a 
spontaneous ventricular R wave, a delay circuit 32 is implemented to generate the delay pulse for 
the pulse group. The time length setting circuit 33 operates using this delay pulse to set the 
generation time frame for the pulse group, after which, it is applied to the output circuit 35. This 
operation applies the pulse group to the heart throughout the length of time required to induce an 
R wave, at which time the delay circuit 36 outputs to the sensing circuit 31 to stop the generation 
and to prevent the detection of the induced R wave. In the case where the pulse group is applied 
to the heart at least two or more times within one cycle of the spontaneous ventricular R waves, 
the standard being from the initial spontaneous ventricular R wave to the following induced R 
wave, it is necessary to prevent the detection of the final induced R wave by the R wave 
detection circuit 31. Figure 9 shows a circuit that realizes this function. To wit, a burst circuit 
counter 37 that counts the number of pulse group bursts generated by the pulse group generator 
circuit 34 is implemented, and when the burst counter 37 counts up to the requisite number, a 
'complete' signal is sent to the delay circuit 38. Operations continue from the time when the 
delay circuit applies the final pulse group until at least the time when the induced R wave is 
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generated. The detection of the induced R wave by the R wave detection circuit 31 is prevented, 
for example, by opening the gate of the R wave detection circuit 3 L 

If the foregoing spontaneous ventricular R waves are used, there is a very low load imposed 
upon the heart. On the other hand, for persons whose symptoms are severe, it is more effective 
to apply a stimulatory pulse. 

Figure 13 shows an embodiment of the cardiac pacemaker wherein the first pulse, shown 
in Figure 4 (the pulse during the period for heart stimulation), is replaced by a pulse group. 
Since no second pulse (the pulse during the period for solely electrical stimulation) is output, and 
accordingly the delay circuit 16, the time length setting circuit 17 and the pulse group generator 
circuit 1 8 may be eliminated from the cardiac pacemaker depicted in Figure 6 to achieve a 
cardiac pacemaker, which when operated in a manner similar to that of Figure 6, delivers a pulse 
group as the first pulse (the pulse during the period for heart stimulation). 
[Effects of the Invention] 

The present invention, through the use of a pulse group comprised of a plurality of pulses 
during the period for heart stimulation, provides a cardiac pacemaker that has a very low 
attendant risk of fibrillation induction, that allows heart output to be maintained at near-normal 
levels, and that makes ventricular pacing possible, which can be expected to relieve heart 
patients of a great deal of their anxiety and make a large contribution to society. 
4. A Brief Explanation of the Figures 

Figure 1 shows the wave form of the stimulatory pulse from a conventional cardiac 
pacemaker. 

Figure 2 shows the wave form for a conventional stimulatory pulse for tachycardia. 
Figure 3 shows the wave form for the stimulatory pulse to suppress tachycardia delivered by 
the present invention. 

Figure 4 shows the wave form of a stimulatory pulse from a ventricular pacemaker according 
to the present invention that employs pulse bursts. 

Figure 5 shows the wave form of stimulatory pulses from a cardiac pacemaker according to 
the present invention that employs a plurality of pulse groups to suppress tachycardia. 

Figures 6, 8, 9, 11, 12 and 13 show block diagrams of embodiment examples of pacemakers. 

Figure 7 shows the output wave form from the example in Figure 6. 

Figure 10 shows the output wave form from the example in Figure 8. 

Figure 14 is an explanatory diagram of an electrocardiogram. 
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In the Figures: 1 ... single pulse, 2 ... first pulse, 3 ... second pulse, 4 ... coupled pulse, 5, 8 ... 
second pulse group, 6 ... pulse group, 7 ... first pulse group, 10 ... switch, 11 ... R wave 
detection circuit, 12 ... oscillator, 13 ... output circuit, 14 ... switching flip-flop, 15 ... oscillator, 
16 ... delay circuit, 17 ... time length setting circuit, 18 ... pulse group generator circuit, 19 ... 
pulse stop circuit, 20 ... arterial pressure detection circuit, 21 ... heart stimulation potential 
detection circuit. 
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